Isolated levocardia with situs inversus is an extremely rare type of situs anomaly with an estimated incidence of 1 per 22,000 in the general population. This autosomal recessive situs anomaly has been described as normal levo position of the heart with dextro position of the abdominal viscera. In this case report, we describe accidental diagnosis of isolated levocardia with situs inversus in pediatric patient while evaluating for heart murmur. Systematic examination of the patient identified the presence of patent ductus arteriosus, anomalous course of inferior vena cava and bovine aortic arch. We shared our experience of successful transcatheter closure of patent ductus arteriosus. This case report is worth reporting both, for demonstrating the possibility of the percutaneous device closure of the patent ductus arteriosus in patient with this unusual situs anomaly to interventional cardiologists and because of scanty of literature.
Introduction
The term "Situs" is used to define position of asymmetric organs of the human body relative to the midline. The usual orderly arrangement of asymmetric organs is refereed as situs solitus [1] . However, the failure of the nor-mal development of asymmetry across the left-right axis leads to situs anomalies. Situs inversus (SI), an autosomal recessive situs anomaly, was first described by Matthew Baillie in 1788 [2] [3] . When the heart is located to the right side of the thorax and atria and the ventricles are inverted in accordance with the inverted viscera, the condition is known as "situs inversus with dextrocardia" or "situs inversus totalis". However, if the heart is in the normal position (levo) but the abdominal viscera are transposed laterally, it is known as isolated levocardia with SI (or SI with levocardia) [4] .
Isolated levocardia with SI is an extremely rare situs anomaly. The estimated incidence is 1 per 22,000 in the general population [5] [6] . The published data suggest higher prevalence of congenital cardiac anomalies in patients with isolated levocardia with SI. Thus, this situs anomaly is usually identified at birth or soon afterwards if associated congenital cardiac anomalies are severe and complex [7] [8] . However, it may be a chance discovery during regular check-up or if the patient presents with untraditional presentation of referred pain (if the absence of severe and complex congenital cardiac anomaly) [5] [6] [9] [10] . Here, we present a case of a pediatric patient who was fortuitously found to have isolated levocardia with SI while evaluating for heart murmur. As the patient was diagnosed with patent ductus arteriosus (PDA), we performed transcatheter closure of PDA. One year follow-up of the patient was satisfactory without any residual shunt across PDA. To the best of our knowledge, this is the first case-report which demonstrated successful transcatheter closure of PDA in pediatric patient with situs anomaly. Moreover, the combination of presence of bovine aortic arch, anomalous course of inferior vena cava (IVC) and PDA in patient with isolated levocardia with SI has not been reported so far in the literature.
Case Report
A 7 year-old-female child was referred to our clinic for the evaluation of heart murmur by the pediatrician. She had fever associated with upper respiratory tract infection which was subsided with treatment. Her past medical history was unremarkable except recurrent respiratory tract infections.
The patient was a moderately built and nourished child. There was no evidence of pallor, icterus, clubbing, cyanosis, lymphadenopathy or edema. The patient had a regular, high volume pulse rate of 100/min (without radio-radial or radio-femoral delay) and normal jugular venous pulse. However, we found hyperdynamic apical impulse in left fifth intercoastal space, lateral to mid clavicular line in addition to systolic thrill at left second and first intercostal space. There was a continuous murmur (grade 4/6) of rough machinery character in left second and first intercoastal spaces and early systolic murmur of mixed frequency at second intercoastal space radiated to both carotids with early peaking. We also noticed aortic regurgitation. However, the blood pressure recording of all the limbs (right upper limb: 130/40 mm Hg; left upper limb: 130/40 mm Hg; and right lower limb: 150/40 mm Hg) ruled out the presence of coarctation of aorta which is commonly associated with PDA. We noticed absence of normal liver dullness on right. While percussion of the abdomen, we found liver border on left fifth intercostal space and stomach on right side.
A posteroanterior chest radiograph demonstrated normal position of the heart, cardiomegaly, pulmonary plethora and right-sided gastric air bubbles (Figure 1 ). An electrocardiogram (ECG) indicated left ventricle (LV) Figure 1 . Chest X-ray showing cardiomegaly with pulmonary plethora and right-sided gastric air bubbles.
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volume overload pattern (Figure 2) . Two-dimensional echocardiography confirmed the presence of PDA (8 mm), dilated left ventricle and left atrium due to left to right shunt (>2:1) (Figure 3(A) & Figure 3(B) ). Apart from PDA, echocardiogram also revealed the presence of aorta and IVC on left side of spine, anomalous course of IVC (left side of aorta) and mild aortic regurgitation without aortic stenosis (Figure 3(C) ). There was a concordant atrio-ventricular and ventriculo-arterial connection. Based upon the findings of echocardiography and physical examinations, we suspected the possibility of isolated levocardia with SI and PDA.
Computed tomography (CT) of chest and CT angiography also indicated isolated levocardia with SI along with anomalous course of IVC (lie to the left of aorta and entered right atrium after crossing aorta from left to right) (Figure 4(A) & Figure 4(B) ) and bovine aortic arch (Figure 4(C) ). However, other abnormalities were not found. We confirmed the diagnosis of isolated levocardia with SI, anomalous course of IVC, bovine aortic arch and PDA.
We decided to perform transcatheter closure of PDA through right femoral approach as pulmonary to systemic flow ratio (Qp/Qs) was 2:1 and no pulmonary hypertension. An aortic angiogram was performed in lateral view to demonstrate PDA by placing 6F pig tail beyond the ductus in the aorta. We observed left sided aortic arch, PDA with well-defined aortic ampulla and constriction near the pulmonary artery end. Through femoral venous approach, we tried to cross PDA using 6F Cournand catheter as well as multi-purpose catheter. Finally LIMA catheter has been advanced anterogradely from the femoral vein and through the duct into the descending aorta. LIMA catheter is then exchanged for a 7F PDA delivery sheath, over a 0.035" exchange length amplatz guidewire with the tip of the sheath in the descending aorta. An occluder device (10 mm × 12 mm), CERA TM (Lifetech Scientific Co Ltd., Shenzhen, China) PDA occluder, was deployed across the PDA with delivery system after confirming absence of residual shunt.
There was no post-procedural complication and echocardiogram also showed no residual shunt ( Figure 5 ). One-year follow up was satisfactory with no residual shunt across PDA, decreasing size of LV as well as normal LV function. The parents of the patient had given consent for publication of case report.
Discussion
In humans, asymmetry along the left-right axis is determined at the beginning of the embryonic development. At approximately 23 days of gestation, the primitive heart tube initially bends to the right in a dextral-loop (d-loop) to place the right ventricle and then moves to the left until the ventricular portion occupies a normal left thoracic position [1] [11] . The bend of the cardiac tube to right is the first sign of the asymmetry. Recent research has shown that mutations in the genes which are involved in the determination of the left-right asymmetry, for example lefty, nodal, inversus viscerum (iv), HAND, ZIC3, sonic hedgehog (Shh), ACVR2B and Pitxz, are implicated in situs anomalies [11] . In addition to SI, situs ambigus is also recognized as a type of situs anomaly which is characterized by absence of asymmetric organ lateralization [1] . Approximately 0.4% to 1.2% patients with congenital heart disease are found to have isolated levocardia with SI. Several previous case-reports documented severe and complicated cardiac malformation in such patients. Young and Griswold reported case-series of 8 patients who were identified to have isolated levocardia with SI [7] . The reported congenital cardiac malformations in these patients include transposition of great vessels, pulmonary stenosis, ventricular septal defect, PDA, patent foramen ovale, dextroposition of aorta, pulmonary atre-sia, anomalous superior vena cava and anomalies of the pulmonary venous return. Cyanotic congenital heart diseases (transposition of atria, ventricular septal defect, atrial septal defects and diminutive right ventricle) in an infant were reported by Padmavati et al. [8] However, literature search also showed case-reports in which patients with isolated levocardia with SI did not have any congenital heart disease [6] [10] . In our patient, multiple diagnostic procedures identified presence of type-A (conical) PDA and ruled out complex cardiac malformation such as ventricular septal defect, atrial septal defect, pulmonary atresia, pulmonary stenosis, bilateral superior vena cava, left ventricular out flow tract obstruction, tetralogy of fallot, truncus arteriosus and transposition of great vessels. However, it is imperative to be cognizant of the anomalous anatomy before planning interventions to ensure safety and avoid complications in patients with isolated levocardia with SI. Thus, we performed CT-scan and CT angiography in our patient to identify such abnormal anatomy of vasculature as conventional means often fails to describe diverse spectrum of anomalies in such patients. The preoperative image workup in our patient helped us to identify anomalous course of IVC and bovine aortic arch. Anomalous IVC in patients with isolated levocadia with SI has been reported in previously published case-reports. Gindes et al. performed prenatal and postnatal echocardiography in 3 fetuses with isolated levocardia [12] . The result of the study showed left-sided IVC in one fetus and anomalous IVC in two fetuses (intrahepatic interruption of IVC and azygous continuation of IVC). The authors reported uneventful long-term survival of all the fetuses. Sacks et al. also reported interruption of IVC with azygous continuation (at the level of L1) in a 20-year old male patient who was accidentally found to have situs anomaly with left sided morphologically normal heart and mirror image arrangement of abdominal organs [10] . Azygous continuation of IVC was also reported by Vijaykumar et al. in 73-year old patient [6] . However, in our patient, IVC lie to the left of of aorta and entered right atrium after crossing aorta from left to right. Thus, the course of IVC was different. There was no evidence of interruption of IVC.
Bovine aortic arch is the most common variant of arch anatomy which is the result of slow growth of the ventral aortic roots between third and fourth embryological arches. it is seen in 10% -20% of the population [13] . This anatomic configuration of aortic arch refers to both shared origin of the left common carotid and innominate arteries, and origin of the left common carotid artery from the innominate artery. In our case, CT angiography showed bovine aortic arch in which left common carotid artery originated from the innominate artery. Though the presence of bovine aortic arch did not make any difference regarding PDA intervention, the interventional cardiologists should note that PDA in such patients may not be crossed with routine catheters.
Conclusion
In conclusion, we shared our experience of successful transcatheter closure of PDA in pediatric patient with isolated levocardia with SI. This case-report is worth reporting both, for demonstrating the possibility of the percutaneous device closure of the PDA in such patient to interventional cardiologists and because of scanty of literature related to this unusual situs anomaly.
